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Introduction

The IAL paper WPH13 Practical Skills in Physics | assesses the skills associated with practical
work in Physics. This document should be read in conjunction with the question paper and
the mark scheme which are available at the Pearson Qualifications website, along with Unit 3
and Appendix 10 in the specification.

In this specification, it is expected that candidates will carry out a range of Core Practical
experiments. The skills and techniques learned from carrying out these experiments will be
examined in this paper, but the Core Practical experiments themselves are not assessed.
Candidates who do little practical work will find this paper more difficult as many questions
rely on applying the learning to novel as well as other standard experiments.

Candidates are expected to know and use terminology appropriately, and use standard
techniques associated with analysing uncertainties at AS Level. These can be found in Unit 3
and Appendix 10 of the specification. In addition, command words may be used to challenge
the candidates to form conclusions. These are given in Appendix 9 of the specification, and
centres should make sure that candidates understand what the command words mean.

Candidates will be more successful if they routinely carry out and plan practical activities for
themselves using a wide variety of techniques. These can be simple experiments that do not
require expensive, specialist equipment. In particular, they should make measurements on
simple objects using vernier calipers and micrometer screw gauges and complete all the Core
Practical experiments given in the specification.

The paper for June 2024 covered the same skills as in previous series and was therefore
similar in demand.
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Question 1 (a)(i)

This question was set in the context of investigating the force needed to break a rubber
band. This type of experiment should be familiar as the techniques are similar to those in
Core Practical 5: Young Modulus.

In part (a)(i) candidates had to identify two health and safety issues and how they should be
dealt with. In general, this was answered well but it was apparent that some candidates
confused this experiment with a similar one used in previous series. The majority of
candidates correctly identified the risk associated with the rubber band breaking. Some
answers were too vague, using phrases such as “hurting the student”, and some referred to
“glasses” instead of safety spectacles or goggles. Many candidates thought that the force
meter falling would be a safety issue. For this experiment that would not be the case. The
most important issue here was the stability of the stand as the diagram shows the base
pointing away from the edge of the table. Candidates that did comment on this did well,
although some quoted using a mass rather than a heavy mass. In addition, some candidates
made impractical suggestions for securing the base, such as using tape or getting another
student to hold it.
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The following examples scored full marks.

(a) The student suggested pulling down on the force meter until the rubber band breaks.

(i) Identify two health and safety issues and how they should be dealt with.
(4)

I

i{ ResultsPlus
Examiner Comments

This candidate referred to three issues, but the final one is irrelevant
so can be ignored. Here they refer to the "whole apparatus" falling
over, which is acceptable for this context. The idea of "fixing" the stand
to the bench is also fine as this implies using an appropriate level of
stability.

(A ResultsPlus
\_} Examiner Tip

If there is a stand in a diagram, check whether it will be stable enough
for the investigation.
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(a) The student suggested pulling down on the force meter until the rubber band breaks,

(i) Identify two health and safety issues and how they should be dealt with.

|
f

% ResultsPlus
Examiner Comments

This is a very well expressed answer. Here they are using a
counterweight to stabilise the stand. This is acceptable as it implies
that the mass is heavy enough to stop the stand moving.

-

@ n » ResultsPlus
\_} Examiner Tip

Describe relevant risks and precautions fully in questions regarding
health and safety.

IAL Physics WPH13 01 6



Question 1 (a)(ii)

In part (a)(ii) candidates had to describe a simple method that would not include the use of a
force meter. Most candidates produced a good attempt at this, but as is usual they often
missed out on marks because of language being too vague. Most candidates noted that they
should use masses, but the idea of adding them gradually was often missed and occasionally
they did not state “until the rubber band breaks”. Fewer candidates described how to convert
mass to force.

The following examples scored full marks.

(ii) Describe a method the student could use which would not include a force meter.

You should include the use of additional apparatus.
(2)

The .. student.. .. can. . uammszws\a&edmmssgs.

________ S.bur.i:.....hfj.,..........:add.inc_qr...................q......ma.a.'».......a..E............Iaea.... . . .ond.

....che.ck.....‘..F._........the....._........h.and........_._.s.nq.lna...;......k..cr.p.........

........ adding....raasses. ..o 400G NG SeEUp . Apstedd ob

.....u.s..ln&.....a...............Tf.‘n.r.ca......mn.l—.er............m.e..,.,........s..’tu.dg_ni:....._._._ca_n____________mgﬂs.u.r.e..........._ﬂne, ...........
..... Fnrcergaimredi;ohrEa.k_t’hghmndumﬁanm NP
.'.-\-\
\( / ResultsPlus
/ﬁ-.\. Examiner Comments

This candidate describes the method fully. Although they didn't state
keep adding masses until the rubber band breaks, this is implicit in the
statement "check if the band snaps". Here, they have also used the
word "measure" rather than calculate for the force, but this is
acceptable as this was in the stem of the question.

T4 ResultsPlus
\_, Examiner Tip
Describe methods in steps so they can be followed by somebody

carrying out the investigation.
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(ii) Describe a method the student could use which woul@include a force meter.
(2)

You should include the use of additional apparatus.
=5 add mases until the pubber

T}ua(s—tmlantmn ................ Meizer
band ka3 broken. Thon use  belance. to. heasure. L.

’C@‘Eﬁﬂlmw;anal ......... calevlate fAﬂ ..... Gf;orm (F="2f) ..................................

ResultsPlus

Examiner Comments

This candidate has just done enough to score the first mark. The
addition of "gradually" or "one at a time" would improve this answer.

| Examiner Tip

Be clear about how a variable will be varied in an investigation.
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Question 1 (b)

In part (b) candidates had to explain why it was appropriate to repeat the measurements.
This question was only answered well by a minority of candidates, although a good number
scored a mark. In general, candidates focused on general ideas associated with repeating,
such as being able to “spot anomalies” rather than being specific about why there may be
variations between the rubber bands, in particular temperature differences. Candidates that
scored a mark often used the idea of reducing random error. Note that candidates should
not use the idea of avoiding or eliminating for random error. Occasionally, candidates
referred to both systematic and random error, which is a contradiction so would not be
credited.

The following answers both scored full marks.

(b) The student investigated how the breaking force of the rubber bands changed at
low temperature.
o——'-'-"-.- v

The student placed five identical rubber bands in a freezer at —10°C,

The student removed one rubber band from the freezer and determined the breaking
force. He repeated this for the other rubber bands.

Explain why it is appropriate to repeat the measurements.
(2)

The. fempetature . wiould. . chenge. . when_ the _rubber. band,_is. .
A0ken.... from.... ..'the......_...{r.e&.z..&r....__.._...__.anaL__..__..xeo!d.r»w._..__.._ﬁzn«:e...._...mw.........hw&..._._ o
poralloy. ... so. repess.. the...measarements.....moh.. fihd..averoge .
will _reduce _the yondom errar. . Vake

I.-\-\'-._. .
V / ResultsPlus
/‘--“- Examiner Comments

This candidate has clearly realised that there may be temperature
variations once the bands are removed from the freezer.

A \ ResultsPlus
\

' Examiner Tip
Think about what could cause random error in an investigation.
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(b) The student investigated how the breaking force of the rubber bands changed at
low temperature.

The student placed five identical rubber bands in a freezer at -10°C.

The student removed one rubber band from the freezer and determined the breaking
force. He repeated this for the other rubber bands.

Explain why it is appropriate to repeat the measurements.

(2)

ig ResultsPlus
Examiner Comments

Although this candidate has not stated that removing from the freezer
may cause temperature variations, they have done just enough to
identify what the random error would be for this investigation.

P
_-"”"

- ,gf" ResultsPlus

\_/ Examiner Tip

Remember that repeating a measurement is a technique to reduce

random error.
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Question 2 (a)(i)-(ii)

This question was set in the context of investigating a ball bouncing from an angled slope.
Although this is not related to a Core Practical, it is a simple experiment that can be used to
practise planning and using experimental techniques.

In part (a) candidates had to identify and explain a control variable for this investigation.
This was not answered well. Many candidates focused on the apparatus, such as the ball or
the surface of the slope, rather than how the ball was placed for each measurement. In
general, it is expected that the apparatus stays the same during an experiment as the
question refers to the apparatus as shown, so these are not considered as control variables.
Some candidates referred to the angle of the slope, which was the variable being
investigated. Some candidates did refer to the initial position of the ball, but as this was given
in the question it could not be credited unless the height was referred to. Explaining why the
height needed to be controlled produced general answers regarding control variables rather
than using physics knowledge to explain why controlling the height was necessary. This was
expressed in a variety of ways, but candidates had to be careful with their wording as some
referred to the acceleration changing, or just referred to energy instead of gravitational
potential or kinetic energy. Occasionally, candidates referred to an incorrect velocity.
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The following example scored full marks.

(a) (i) State one control variable for this investigation.
(1)

MT-"ﬂhﬂljhfWhe're ball was. released.........
ogpndh the height. where ball. hit. the. . slope. . ... .. ..

(i) Explain why it is necessary to control this variable,
(2)

wﬁnerﬂdmmwwd.som\gh:-i’-mv"'
QV-@E,#hBa ...... constant. .. the veladita.........
R L S ¢ 11 S

N

i{ ( ResultsPlus
I‘/---.\. Examiner Comments

This candidate has correctly identified the control variable. The
explanation here does not explicitly include gravitational potential
energy, but by deriving the velocity and stating that h is constant it is
good enough for the first mark. Here, they have talked about velocity,
which is assumed to be the velocity at the slope unless they have
stated otherwise.

™\ ResultsPlus
\_,' Examiner Tip

Think about what could vary using the apparatus as is shown in the
diagram when looking for a control variable.
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Question 2 (b)

In part (b) candidates had to criticise the recording of the data. This is a familiar type of
question from previous series so candidates did this well. Most candidates realised that the
readings for both variables had inconsistent decimal places. Similarly, candidates also
realised that there was not enough data to draw a reliable graph, although occasionally the
wording appeared to merge this with repeating to determine a mean. A few candidates
stated that a value did not fit the pattern, but they did not state specifically which point they
were referring to.

Criticise the recording of the data.
(3)

¥ (\\kmaﬂonlangmﬂ%’dodnm’fhﬂlt

. Slhe clesiwal _poimie_of  both 6 and X vokes ae

nGongletend.

(Thﬂanm'repwr mo‘masm b hable .

M,
i,

/ ResultsPlus

+ Examiner Comments

This candidate scored the three most common marks. Here they have
referred to "only" three sets of data, which is just enough to imply
there are not enough sets of readings to draw a graph. This candidate
refers to the decimal "points" for both values being inconsistent. It is
good practice to refer to decimal places for measurements.

T\ ResultsPlus
\. Examiner Tip
Be clear about how many sets of data are needed to draw a reliable

graph.
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Criticise the recording of the data.

6kumnconmwts@ﬁc

M. nz.?eM rzml 35‘
ot ercuolst. Measinatent's. Corvioum 5) Ao 9.

y { ResultsPlus

._/""" Examiner Comments

This candidate has referred to the significant figures for each variable
separately. In this case this was acceptable but it is good practice to
refer to decimal places for measurements. This candidate has clearly
stated how many sets of readings are needed for a reliable graph.

z ResultsPIus
\

Examiner Tip
Measurements should be recorded to a consistent number of decimal
places, usually the resolution of the instrument.
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Question 2 (c)

In Part (c) candidates had to explain one modification that would reduce the error stated, ie
that the ball was moving too quickly. Candidates performed better than expected on this
question, and some produced novel but impractical ideas. Using a camera to record the
motion of the ball was the most popular, but some descriptions were not detailed enough to
gain marks. Some candidates used sand trays or other powders at the landing sites, which
were worthy of credit. The second mark was for the explanation, therefore the candidates
had to explain how their method would reduce the error. Some candidates described using
paint or another liquid to cover the ball. This was only given some credit as this would be
impractical.

The following examples both scored full marks.

You should include additional apparatus.
C video @
VeimgVoamera  tp record the exporiment . e (hock

_he. Video ._‘fmm& by fmmaw{md | _thlﬁh__;?ﬁint the ball landed.
_______ kepeat. omd Oleulate the. mean. .. ...

[,

N / ResultsPlus
/--.'L Examiner Comments
This candidate has used a video camera, which is enough to imply
recording the motion of the ball rather than taking still images.
Watching the video "frame by frame" is another way of describing slow
motion.

T\ ResultsPlus

\\ Examiner Tip

Think about the significant source of error in an investigation when
suggesting a modification.
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(c) The student wrote a laboratory report about her investigation.

She reported that the most significant source of error was being unable to judge the
exact point where the ball landed. This was because the ball moved too quickly.

Explain one modification she could make to the apparatus to reduce this error.
You should include additional apparatus.

ResultsPlus

Examiner Comments

This is an example that uses sand. It is described just well enough to
score the marks, although a sand pit or sand box would improve this
answer.

o)
iy

(T ResultsPlus
\_} Examiner Tip
Modifications should be practical, like this one is, as this is easily

repeatable.
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Question 3 (a)

This question was based on using a pulse-echo technique to determine the speed of
ultrasound. Although this was an unfamiliar context, the use of an oscilloscope to measure
time is found in Core Practical 6: Speed of Sound.

In part (a) candidates had to describe an accurate method to determine a single value of
the distance s using a metre rule. This was answered well. The first mark was for describing
how to place the metre rule, which most candidates described well. The final mark for a
technique in using the metre rule was awarded most often. In both cases, some candidates
did not use terminology correctly. For example, “straight” is not a suitable alternative for
“vertical”. Both perpendicular and parallel need to be relative to something, eg perpendicular
to the floor. In addition, it appeared that the two terms were confused with each other.
Similarly "align" needs further description. It is also recommended that candidates avoid the
use of “horizontal” when describing taking measurements from the ruler as the use depends
on the context.

The second mark was for obtaining a value for s which many candidates did not do or did not
describe adequately. Candidates that described this sometimes forgot to subtract the two
values or placed the “end” of the ruler somewhere rather than aligning the zero with a
specific place. Some candidates simply wrote “check for zero error” which was not enough. As
this was a single value, repeating and calculating the mean was not accepted.
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The following examples both scored full marks.

Your method may include additional apparatus.
(3)

H o il can S chombad onts o slod keet o th
dudx MMQM&MJX—M Ao ammwa 2F deesnd-
M AMW con. oo wied To eb armwn the mebu ..
b s paralld % do the Sube Thi g ik ol iy
it b Lotromo{ :uu e M

miﬂgm W budonti . W

y { ResultsPlus

I‘/"-- Examiner Comments

This is a very full answer. The candidate has stated "next to the tube"
which can be too vague, so it is better to say "close to". Here they have
used "parallel to the tube" which is acceptable for vertical in this case.
They have stated where the zero mark should be. The description of
how and where to read off the ruler is just enough to be awarded the
mark, but reading perpendicular to the scale is a better way of
describing this.

/ Resultsplus
\

Examiner Tip

Think about how to place a metre rule so that it is vertical and does not
move.
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Your method may include additional tus. .
make swr¢ the meter rule s pepén te ne_hozontal “""‘j o set ‘?'me{s)

Hse...q.,.m.,.mle....umh_....acm._..at%m..nf...ulmsfmrc.._.msmm. ...........................
Pt B close +o e tube as close as possibe. ...
Read]argihwmﬁemdemmﬂzhdafwafermd'm ........................................
Rmdme@elw[pﬂw%!wwsmkbyuenyamw .....................
Repmtm;aremmfandwawnyz ............................................................................................................

N,

iﬁ ResultsPlus
Examiner Comments

This candidate has described the method very well. Only clamping the
metre rule in place would improve this method.

=

A\ ResultsPlus
\_} Examiner Tip

Describe a method in steps so that it could be followed by someone
setting up the apparatus and taking the measurement.
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Question 3 (b)

In part (b) candidates had to show that the speed of ultrasound in air was about 330 ms™".

1

This performed better than expected. The first mark was for calculating the time between the
pulses displayed on the oscilloscope screen. As this was a “show that” question, the

calculation

was expected but was often missing. Some candidates appeared to use the

vertical distance or the width of the pulses. Some candidates marked this on the diagram
which was helpful. The majority of candidates used the formula for velocity, although a small
number appeared to forget to halve the time or double the distance in their calculation, but
then went on to double the velocity which was not accepted. Some candidates also used the
formula for wave speed which, although dimensionally is correct, is incorrect physics.
Candidates should also note that all working must be shown to be awarded marks in a “show
that” question, and answers should be given to one more significant figure than the answer.

The following example scored full marks.

S

Tﬂlm)‘ J'i"‘n.l'._ s 0-’; :r’JO-3 .vé P

4 . -3
‘E_,FD-F-HGL G ) ].Si"lo ,
T 0. Y872 m
S . o0 ygz -
a — s S, = 33l‘3 14 %330
VEor w0 " ( )

clear and easy to follow.

N / ResultsPlus

/'--". Examiner Comments
This candidate shows a clear calculation of the time between the
pulses on the first line, then halves this time. There is a clear
substitution into v =s / t to arrive at the final answer. This calculation is

calculation clearly.

S " VORI |
)\ ResultsPlus
\ Examiner Tip

When determining time from an oscilloscope screen, show the
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Question 3 (c)(i)-(ii)

Part (c) involved calculating a mean and percentage uncertainty from a set of data. Most
candidates scored marks. It is not expected that candidates identify and remove an
“anomalous” data point from these calculations, but those that did were given some credit. In
part (c)(i) the first mark was for a calculation of the mean, which most candidates managed.
The final mark was for the correct value of the mean given to the same number of
significant figures as the data . Many candidates gave too many significant figures or did
not give the unit.

In part (c)(ii) the candidates must show the calculation for the first mark, and this is awarded
for calculating the half range or furthest from the mean. The final mark was for the correct
percentage uncertainty. Candidates should note that percentage uncertainties should be
given to one or two significant figures.
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The following examples show common errors in part (c)(i) but full marks in part (c)(ii).

(i) Determine the mean value of v.

35+34‘t+33‘l+3‘”- @
valie = > =% 2

Mean value of v = ?7“!/#1(’1

(i1) Determine the percentage uncertainty in the mean value of v.
_ L) @

Xl = 1169

Percentage uncertainty = lYé‘%

<f‘ | ( ResultsPlus

/--J. Examiner Comments

Although this one has a unit in part (c)(i), it is incorrect. However, the
form of the answer matches the data. The calculation in part (c)(ii) is
very clear with a correct answer.

e
-~

Resultsplus
\

Examiner Tip
Include units on mean values. Use the same number of decimal places
for measurements, or significant figures for derived quantities, when
calculating the mean of a set of data.
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(i) Determine the mean value of v.
(2)

o o Z (B YT 1 339wt 3w L) Y

Mean value of v=__ 30.®* AS mmj3 .

(ii) Determine the percentage uncertainty in the mean value of v.

)
- T . 1 .
............... pﬁmﬂagawamf"ﬂﬁt-”ﬂ:mﬂman’fﬂ—%’;;l"skwsfqoo
.................. S 1 7 £ S
Percentage uncertainty = .. / '76 L

|

iﬁ ResultsPlus
Examiner Comments

The unit is correct, but there are too many significant figures on the
answer. Another clear calculation in part (c)(ii).

A
A

-/’f.-z'_.' II"._

CTA\ ResultsPlus

\_} Examiner Tip

Quote percentage uncertainties to one or two significant figures.
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Question 3 (d)

In part (d) candidates were given a calculated value for the speed of sound in water with its
percentage uncertainty. They were asked to deduce whether the value was consistent to an
accepted value of the speed of sound in water. This was generally done well as this is now a
familiar type of question, although the most common error was calculating the limits of the
stated velocity rather than the calculated velocity. The final mark was for a correct conclusion
including a comparison between relevant values. Candidates appear to be using “compare
and conclude” more routinely, but sometimes the comparison or statement was missing.

The following examples scored full marks with different ways of stating a conclusion.

Your answer should include a calculation.

14944 XL LSe) = (S0l Hy ms-'-
RN UG5 < [bgemsT
So.. 183621 < otcce/pTo\Hﬂ vmlu@. < 130\ 'er |
So 163l ms™ (6 GLCC{?TD\HE

[,

N / ResultsPlus

L Examiner Comments
This candidate has calculated a range, which is acceptable. There was
no need to calculate the lower limit as the value of the calculated
speed of sound was below the accepted value. The comparison is
mathematical, but it is clear with a valid statement which answers the
question.

T\ ResultsPlus
\\ Examiner Tip
Ensure the comparison is explicit, either in words or as a mathematical

expression.
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.. ST s B v S

1£)

£7.7b  S1.Tb+4k>1s0amis. Te shdents valve i
to ac:fF{tc] valoe

tonsiskert walh e acce r:.tc.g!. valve becavse . B lies verihin, A opper Umik

of e shudents valve , with b vpper limait being 1S02 wally,

N

\'.

|
|
e

guestion.

y { ResultsPlus
/--..w_ Examiner Comments

This candidate has only calculated the upper limit, which is acceptable
as the calculated speed of sound is less than the accepted value. The
comparison here is in words, with a statement that answers the

"" ResultsPlus
\_/

~_ Examiner Tip
Ensure that the conclusion contains a comparison and a statement
that answers the question.
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Question 4 (a)(i)

This question included plotting and analysing the graph for an investigation involving the
resistance of a loop of metal wire. This context is similar to Core Practical 2: Electrical
Resistivity. A question involving a graph appears in each series and the mark scheme follows
a common format. Therefore, there are plenty of opportunities to practise this skill and
consult Examiners' Reports to correct common errors.

Part (a) involved determining the diameter of the wire using a micrometer screw gauge.
Using a micrometer screw gauge can be found in several Core Practicals. In part (a)(i)
candidates had to determine the percentage uncertainty in a single measurement of the
diameter of the wire. It is expected that the uncertainty in a single measurement is half the
resolution. Some candidates used the full resolution, which was not accepted. Some
candidates used resolutions of 0.1 mm or 0.001 mm despite the diameter being given to two
decimal places. Candidates should note that percentage uncertainties should be given to one
or two significant figures.

IAL Physics WPH13 01
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The following example scored full marks.

4 A student made measurements on a length of metal wire.
(a) The student used a micrometer screw gauge to measure the diameter d of the wire.
(i) The student recorded a single measurement of d as 0.27 mm.

Determine the percentage uncertainty in this measurement,
. (2)

f"'ﬁf)[w['iu“ s o holwws

Percentage uncertainty = tr@'s Z

|

ﬂ ResultsPlus
Examiner Comments

This is an excellent example showing a full calculation. It is good
practice to state the resolution of the instrument as this may count as
a mark in similar questions. The calculation is shown clearly with a
correct answer. This candidate has chosen to show this in steps, but a
single calculation would also be acceptable.

‘__.—’
,_f
-

: ,g" ResultsPlus

\_/ Examiner Tip

Start recording percentage uncertainties to one or two significant
figures.
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Question 4 (a)(ii)

In part (a)(ii) candidates had to explain another technique when using the micrometer
screw gauge. This was more challenging than expected as many candidates described
another method, such as folding the wire over and measuring multiple diameters. The
second mark was rarely achieved. An explanation should refer to the type of error, in this
case systematic error.

The following answer scored full marks.

(ii) The student repeated the measurement of d at different positions and orientations
and calculated the mean.

Explain another technique she should use to determine an accurate value for 4.

(2)

'mm ........... W ...........................................................................................................................

[,
i,

N / ResultsPlus
/r--.\. Examiner Comments

This candidate has stated the relevant technique for calibrating the
instrument. Note that this candidate has given more than was required
at AS Level, but this is good practice for A2 Level. This techniques was
then explained in terms of errors. It is acceptable to use "reduce" for
systematic errors, but not "eliminate" for random errors.

T4\ ResultsPlus
\. Examiner Tip
Understand the difference between a technique used to reduce errors,

either systematic or random, and a method.
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Question 4 (b)

In part (b) candidates had to explain why a fixed resistor was used in the circuit. Most
candidates scored some marks, but these were for general comments regarding limiting the
current. Some candidates referred to “controlling” the current, which was too vague and
could only be credited if it was related to the maximum current. The second mark was for the
explanation, and this was often just a general statement rather than specifically explaining
why the current should be limited.

The following examples both scored full marks using different explanations.

~— —_

Explain why the fixed resistor is included in the circuit.

(2)
vty so dad B wive dats wed bewwma
e MO
\( / ResultsPlus
/ﬁ-.‘\. Examiner Comments

This candidate related limiting current to a safety issue regarding the
wire becoming too hot.

T4\ ResultsPlus
\. Examiner Tip

Understand the function of resistors in a circuit.
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L . -

Explain why the fixed resistor is included in the circuit.
(2)

..... B0 Jimit. the Owwewt in oiYowst oo
e with wﬁwmamlfﬂath&mw'fc%a
______________ 'tmtmgemot be. sl
o preet | Dyl o Ovmmeber. ovaok... volbmebe ...

-
" { ResultsPlus
Examiner Comments

This candidate appears to be thinking about the possibility of a short
circuit occurring.
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Question 4 (c)(i)

In part (c) candidates were given the relationship between resistance and length for the loop
of metal wire. In part (c)(i) they were asked to explain how a graph of R/ L against L could be
used to determine the value of the resistivity r. This was more difficult than similar questions
in previous series as this related to the y-intercept instead of the usual gradient. As the
formula needed no manipulation, the first mark was for relating the formula to y =mx + ¢
and stating that the y-intercept was equal to r /A. Some candidates wrote the comparison
beneath the formula, which was given credit, but some missed out the + and = which is not
credited. Some candidates stated that ¢ = r / A. without stating what ¢ represents. As this is an
“explain” question, candidates are expected to explicitly state what ¢ (or m) refers to. The final
mark was for describing how to calculate r using the y-intercept, although some candidates
did not manipulate this correctly.

The following examples both scored full marks.

R
(i) Explain how a graph of — against L can be used to determine the value of p.

........ -F— kfﬁ} m
_g— & ‘“IE« ‘j IHWO"Pt S9. ’L? Ax f“‘fGVCE'P{

¢ / ResultsPlus

~ Examiner Comments
This is an excellent example where the candidate has written y = mx + ¢
below the formula to check that the formula is in the same order. This
is good practice as formulae often require manipulation. The arrows
on their own would not be enough to score marks, but the candidate
has stated what the y-intercept is and a formula to calculate p.

\ Examiner Tip

Check that the formula is in the same order as y = mx + c.
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R
(i) Explain how a graph of 1 against L can be used to determine the value of p.

(2)
- H*%Juéthlmjrmwc%scandrs

santer topt o and A 75 the woss-sectional ana of fho wire,

thot will not  change, Y- nterqopl time A, thon can  get the
Volue ob

N

y ( ResultsPlus

:‘/'--.\. Examiner Comments

This candidate has written y = mx + ¢ after the formula, which is fine as
it was given in the correct order in the question. There is a clear
statement about what the y-intercept represents. This candidate has
used words to describe how to calculate p.

T\ ResultsPlus

\_, Examiner Tip

State explicitly what m and c represent by using the words gradient
and y-intercept. Make it clear how to use these to determine the
constant in the question.
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Question 4 (c)(ii)-(v)

Part (c)(ii) assessed the candidates’ ability to process the data. To gain these marks, the
values must be correct and given to a consistent number of significant figures.

A small number of candidates did not know how to calculate R/ L . The most common errors
were calculating V +/or V + [ x L. Other variations were seen and provided the data had been
processed in some way, candidates were given credit for the graph and subsequent parts.

Part (c)(iii) involved plotting the graph of R/ L against L. This scored better than in previous
series as graph plotting appears to have improved. The first mark was for placing the axes
the correct way around and labelling with the correct quantity. The most common mistake is
not using the correct format for labelling the axes, either by missing out the brackets or units
or both. The correct form is quantity / unit, eg L / m. The most common error was using the
format quantity (unit), eg L (m) despite the correct format being given in the table for L, or not
including a unit for R/ L.

The second mark was for choosing an appropriate scale. At this level, the candidates should
be able to choose the most suitable scale so that the small squares are in values of 1, 2, 5
and their multiples of 10 such that all the plotted points occupy over half the grid in both
directions. Candidates should realise that although the graph paper given in the question
paper is a standard size the graph does not have to fill the grid. In most cases a landscape
graph unnecessary. Candidates at this level should also realise that scales do not have to
start from zero, and this was the most common error. Scales based on 3, 4 (including 0.25) or
7 are awkward and not accepted. Candidates should label every major axis line, ie every 10
small squares, with appropriate numbers so that examiners can easily see the scale used.
Occasionally, candidates shifted their values, such as 10.3, 11.3 etc, which sometimes lead to
plotting errors.

Two marks are awarded for accurate plotting. Candidates should use neat crosses ( x or +)
rather than dots when plotting points. Candidates were not awarded marks if they used large
dots that extended over a small square or used an awkward scale. Mis-plots were
uncommon but candidates should check a plot if it lies far from the best fit line.

The final mark is for a reasonable best-fit line, and this mark was awarded often. A
reasonable best-fit line should have plots either side of the line and cannot be rotated. Other
reasons for not awarding this mark are the line being too thick, ie over half a small square,
being discontinuous, or having a clear bend. Candidates should use a one piece, 30 cm ruler
for this examination.

This is an example of a graph that scored full marks.
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(ii) The student recorded the following data. vz IR,

|
Lim | I/A VIV Lyran

0.100 | 0.720 140 | (4. 4

0200 | 03% | 139 | 7.4

0300 | 0200 | 142 | 6.3

0400 | 0250 | 148 | yu¢

0500 | 0220 | 147 | 3.4

0.600 | 0210 147 | 1.7

Complete the table with the corresponding values of -%
(2)

(iii) Plot a graph of % on the y-axis against L on the x-axis on the grid opposite. .
(3)
(iv) Determine the value of k from the graph.
. (
(0.060, 20.0) [0.5‘50‘, ;p.o)

" - |

3)

—_ -1 —
e-IS.4Lm k= . ls. 4&m .

m=~Kk
=z =m

- 6"’5:"')
1G5 b Lm

-
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(v) Determine the value of p from the graph.

d=0.27mm

pﬂﬁ?;;,ap — fO-*SDrl*'D) @)
Y P
............................. Cire e
____________________ J
-;J-'l""f" '
............. BT ‘40 C_;g‘,d_)xﬂr#-Sb
""F'}G"%' Of‘%ﬂ)/a;CA* """"""""""""
Vi s (0. 27510 )) oi‘l
53_0_?52 7 =4 l'J...F-f L& 7
a1.2%10" {Total for Question 4 = 21 marks)
[35V]
'I.-\\-. i~
V (Resuﬁsﬁus
/r--.\. Examiner Comments

This graph has axes labelled correctly, a sensible scale with accurate
plotting and a reasonable best-fit line. This candidate also extended
the line to the y axis, which is good practice. Note that the candidate
has drawn a large triangle using sensible points that covers over half
the line. They have also labelled the points which reduces the
probability of errors in data extraction.

- Res.ultsPIus
\

Examiner Tip
Learn what is expected when drawing graphs, and practise drawing
them using different data.
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In part (c)(iv) candidates were asked to determine the value of k from the graph. There were
several common errors seen. The first mark is for using a large triangle that covers at least
half the best-fit line to calculate the gradient of the graph. Many candidates used the first
and last points, or other data points from the table. This is only acceptable if the data points
lie exactly on the best fit line. Candidates should find places where the best-fit line crosses
an intersection of the grid lines near the top and bottom of the best-fit line and mark these
as a triangle on the graph. Candidates that used awkward scales were often only successful
when sensible values were used. The final mark could be awarded from an incorrect
calculation, but often candidates used too many or too few significant figures, included the -
sign or omitted units.

The following example scored full marks.
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(ii) The student recorded the following data. vz IR,

|
Lim | I/A VIV Lyran

0.100 | 0.720 140 | (4. 4

0200 | 03% | 139 | 7.4

0300 | 0200 | 142 | 6.3

0400 | 0250 | 148 | yu¢

0500 | 0220 | 147 | 3.4

0.600 | 0210 147 | 1.7

Complete the table with the corresponding values of -%
(2)

(iii) Plot a graph of % on the y-axis against L on the x-axis on the grid opposite. .
(3)
(iv) Determine the value of k from the graph.
. (
(0.060, 20.0) [0.5‘50‘, ;p.o)

" - |

3)

—_ -1 —
e-IS.4Lm k= . ls. 4&m .

m=~Kk
=z =m

- 6"’5:"')
1G5 b Lm

-
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(v) Determine the value of p from the graph.

d=0.27mm
Pﬂmbl ::d-‘ — (0.#50, 4.0 ) 3)
uk F,b
J’M
| 'ﬁj""""‘ R
S 4.0 c...rs‘,#) x0 4580
B Yo DL T ST Cf".f—*f"?/ﬂr-cA; o
p- (¥
< {0+ 0
:ao.?i" N E-?"E‘ﬂ )) Lol ..(lm
-6
A 1.2%10" Total for Question 4 = 21 marks)
{ doF
B

ﬂ ResultsPlus
Examiner Comments

This calculation follows on from the graph shown above. The candidate
has also included the units in the calculation, which can help to
determine the units for the constant.

P
* ,gf’ ResultsPlus

\_/ Examiner Tip

Draw a large, labelled triangle on the graph. Use sensible points and

ensure the triangle covers at least half of the best-fit line.
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In part (c)(v) candidates were asked to determine the value of r from the graph. Those
candidates that used the y intercept were the most successful, although those that did not
start their x axis from zero mistakenly used this value. Some candidates used their calculated
gradient and a data point from the best-fit ine. Some common errors were substituting a
positive value for k when k was given as negative, or using a point from the table that did not
lie on the best-fit line. A number of candidates did not know how to calculate the cross
sectional area of the wire or made power of ten errors. The final mark was for the correct
answer given to two or three significant figures with a unit. In general, candidates did use a
suitable number of significant figures, but there were unit errors including missing units or

using m™'.
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The following examples both scored full marks but using different methods.

(v) Determine the value of p from the graph.

d=0.27mm n
pﬂﬂ?l:;,g[! - [O-*SD, “'"D) 3)
petk Fro
....................... Cire
____________________ U
c;-;J-’ﬂ"“" )
............. e ':"4'0 _,C_rs"d_)xﬂrd-‘ﬁb
€590.4% - Q""%#}/)::CA .......................
e %7 by ‘/
"hc( _‘f zﬂco.mw’;f') -
:}D.‘i,’r’; —— p=L Lo xlo Lk
Q1L2%10 otal for Question 4 = 21 marks)
[35V])
\( (Resuﬁs?lus
://'--.\. Examiner Comments

This example follows on from the graph above. Even though the
candidate had extrapolated back to the y axis, it was not used in the
calculation. Instead the candidate used another data point from the
best-fit line and their stated value for k. This candidate used the signs
correctly. Although there is no stated value for the area, the calculation
is clear, leading to the correct answer stated to two significant figures
with the correct unit.

T\ ResultsPlus

\_/ Examiner Tip

If a gradient or constant from a previous part is being used, ensure it is
substituted as stated in the previous part. Data points being used must
lie on the best-fit line.
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(v) Determine the value of p from the graph.
d=0.27mm

3)

rz 1.35x IO

I'-

1. 20 10" 2,

™

\,{ : / ResultsPlus

+ Examiner Comments

three significant figures with the unit.

This candidate had extrapolated the best-fit line to the y axis and read
it correctly from the graph. Including the units on this value was not
necessary but would have helped determine the unit on the final
answer. This candidate chose to calculate the area separately. There is
a clear calculation leading to the correct answer, this time given to

474\ ResultsPlus
<D

Examiner Tip

units for final answers.

State the values from the graph that will be used in the calculation.
Including units in intermediate calculations will help avoid errors in
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Paper Summary

Based on their performance on this paper, candidates should:

Learn what is expected from different command words, in particular the difference
between describe and explain.

Be able to describe how to measure lengths, angles, force, time, potential difference and
current using appropriate apparatus and techniques.

Refer to random or systematic errors when explaining techniques.

Practise writing experimental methods including identifying safety issues specific to that
experiment.

Show working in all calculations and include units.

Choose graph scales that are sensible, ie the value of the smallest square is 1, 2 or 5 and
their powers of ten only, so that at least half the page is used. It is not necessary to use the
entire grid if this results in an awkward scale, eg 0.25, 3,4 or 7.

Plot data using neat crosses (x or +) and check any points that lie far from the best-fit line.
Use a one piece, 30 cm ruler to draw straight best-fit lines. Ensure there are data points on
both sides of the line and that the line cannot be rotated.

Draw a large triangle that covers at least half of the best-fit line using sensible points.
Labelling the triangle often avoids mistakes in data extraction.

Learn the definitions of the terms used in practical work and standard techniques for
analysing uncertainties at AS Level. These are given in Unit 3 and Appendix 10 of the IAL
specification.
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